This paper presents an attempt to create competition in the water market by means of direct competition. We argue that the usual liberalisation device, competition for the market by franchise bidding, is problematic due to the particular features of the water industry. Our approach proposes the implementation of product market competition, i.e. competition in the market. In such a situation several water utilities using a single set of pipes compete for customers in the same area. Since the water industry is often characterised by local networks, we consider a simple model, where competition is introduced between vertically integrated, neighbouring water suppliers that connect their networks.
Introduction
Traditionally, network industries such as electricity, telecommunications, railways or water supply are regarded as natural monopolies. The duplication of the networks (railroad system, water pipes etc.) would not be efficient and therefore undesirable. According to this rationale, there is no reason to have several firms engaged in the market, because total output could be produced more cheaply within a single firm. For a long time the existence of natural monopolies and also other aspects such as the importance of quality issues have been a justification for the absence of direct competition. For that reason in many European countries services as telecommunications, electricity or water supply were provided by public enterprises or strongly regulated private firms.
However, in the course of privatisation and liberalisation, governments and regulators tried to expand the role of competition. Two main possibilities exist in order to implement effective rivalry into network industries: Franchise bidding, called competition for the market, and product-market competition, known as competition in the market. In the former variant, as proposed by Harold Demsetz (1968) , the governmental authorities auction off the monopoly. Bidders are required to specify the tariffs they would charge for the supplied product -for a given set of performance parameters. The company promising the lowest tariffs gets the exclusive right to serve customers in the defined area. With enough bidders it is expected that a bidder reveals his minimum costs: He offers the price, which corresponds to the level of his effective average costs. In the water industry franchise bidding actually took place -for example for the Buenos Aires water and sewerage system in 1993 and also for different local systems in France. 1 Theory suggests that franchise bidding is a reasonable way to implement competition in the water market. In our view, such auctions have different drawbacks, particularly in the capital-intensive water supply industry. Since parameters as technology, water quality, demand or legal aspects alter over time, the setting of prices in advance is dominated by uncertainty. Average costs are affected by modified circumstances, unwanted gains or losses in the long-term could be the consequences. To handle this problem, the governmental authorities could regulate the industry or repeat the auction frequently.
However, carrying out new rounds of bidding is very costly. Furthermore Armstrong, Cowan and Vickers (1994, p. 129) indicate that a shorter holding period of the monopoly right undermine the incentives to invest into the network infrastructure. To prevent underinvestment, the incumbent should be compensated for his effort in case of a defeat in the latest auction. If however, as Williamson (1976) argues, the regulator cannot seriously determine the actual worth of the realised investments and therefore the compensation sum, there is a serious danger of ineffective competition. 2 Because of the danger of underinvestment or ineffective competition, Armstrong, Cowan and Vickers conclude that franchise bidding is unlikely to be very useful for capital-intensive elements of natural monopoly industries such as water supply networks, where capital costs are usually 70 to 90 percent of total costs.
In order to avoid these problems we suggest the implementation of product-market competition, where two or more rival companies render water services in the same area. We present a model of direct (product market) competition that takes the water sector's specific technical aspects into consideration. Our proposal is therefore based on a simple structure that allows an easy implementation of direct competition. Cowan (1997) indicates that the regulatory burden of assessing access prices for a great number of networks would be large.
He follows that common carriage is not likely to be a major feature of the British water industry in the future. To avoid this regulatory problem the model assumes a baseline case, where regulation does not exist and the incumbents are fully free to set their own access fees. The model shows that even in such a worst case competition arises and significant efficiency gains can be realised.
In other network industries such as telecommunications, electricity or railways, direct competition is already implemented or at least planned. To prevent inefficient network duplication, operators are forced to give competitors access to their networks. And to secure non-discriminating access, government could either set the access prices or operate the whole network itself. The latter variant requires vertical separation of the existing companies. 3 A similar liberalisation process could also be implemented in the water sector.
Unfortunately, there is only a few literature about product-market competition in the water sector. Technical difficulties and the implicit assumption that water companies are natural monopolies -because the network dominates the cost structure -largely prevented such discussion. Nevertheless, the privatisation and liberalisation of the UK water industry in 1989 intended a very restricted direct competition. 2 Harstad and Crew (1999) propose a franchise-bidding-model, which addresses the mentioned valuation problem of transferred assets. However, it is necessary to assume that the entrants are informed as good as the incumbent about the value of the assets to be transferred. 3 If there are significant economies of scope, however, such a separation would not be desirable. Actually, in the liberalisation process in UK, water suppliers remained vertically integrated (see section 3 below too). 4 See Correia and Kraemer (1997) or Cowan (1993) and Cowan (1997) for a survey of the reform in the water industry in England and Wales.
However, due to technical issues, product-market competition in the water sector differs substantially from other sectors such as telecommunications. Our model takes these aspects, which will be described in more detail in section 2, into account and explores the effects of direct competition on tariff, supply and investment behaviour. As mentioned above, we assume a baseline case where regulation -especially the regulation of access prices -does not exist. Furthermore, the incumbents stay vertically integrated, i.e. they own their (inherited) network and they sell water to final customers. Vertical integration is justified by the existence of economies of scope: Both distribution systems and water treatment facilities require sanitary know how. Although the firms remain vertically integrated and access price regulation is absent, our model shows that -under linear and non-linear access pricing -the former monopoly situation will not persist and that prices will decrease in the home market of the high-cost monopolist.
A second issue of the liberalisation debate concerns the investment behaviour of the incumbents. Due to the long-term character of investments in the water pipe network 5 there is serious danger of insufficient investment expenses. According to a far-reaching prejudice incumbents neglect long-term network investments in order to improve market position and to maximise short-run profit if competition were introduced. As a result of competition, network quality would deteriorate and a considerable share of the produced drinking water would escape from the leaky water pipes. Nevertheless, despite of the absence of direct competition water today, leakage in European networks is estimated from 15 to 50 percent! European water suppliers replace on average 0,6 percent of their pipe networks yearly, while the International Water Supply Association (IWSA) recommends to replace 1,5 percent (see Skarda 1998, p. 874) . This underinvestment will be one of the main future issues in the water sector and justifies the model's focus on the investment behaviour. The model does not support the prejudice mentioned above. With only weak assumptions, the model predicts increased investment incentives of the low-cost monopolist caused by the implementation of product market competition.
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The following section points out the specific structural aspects of the water sector and the corresponding implications for a competitive market. Based on these aspects we present in section 3 a realistic model of product-market competition in the water industry. The model assumes a two-stage game, where firms set investments in the first period and both output and access prices in the second period. After the determination of the cost and The number of suppliers in an area and the network's extension is based both on the production process in the water sector and political issues. The former is mainly influenced by the quality of used raw water resources. Drinking water can be produced in three different ways: Exploiting surface waters such as lakes or rivers, pumping ground water to the surface or tapping spring water. Due to its high quality, spring water usually does not require any treatment such as screening, flocculation, clarification, filtration, the addition of chemicals or the use of ultraviolet light. Ground water usually requires a lower level of treatment than surface water, which mostly consists of poorer quality. Since treatment is a significant cost driver in water production, the use of spring water is very inexpensive while the use of surface water is most costly (see Dwr Cymru Welsh Water 1999, p. 9).
Depending on the existence of such raw water resources the water suppliers' cost and tariff structures are very different. 7 Water treatment causes both variable and fixed costs. Hence, economies of scale could be achieved through the centralisation of the drinking water production, especially when the share of used surface water is extensive. On the other hand, diseconomies of scale are related to the customer's distance from storage and treatment facilities. The increasing distance indicates higher water losses and greater pumping requirements (see Zarnikau 1994, p. 190 -191) . The pumping effort depends on distance and topography and causes fixed capital and variable energy costs. Another technical aspect that hinders the centralisation of drinking water production is the loss of water quality in the pipe network. The quality loss is positively correlated with transport distance: The longer water remains in the pipes, the larger gets the quality decrease. Furthermore, the capacity of several groundwater or spring water resources is very limited. The use of such relative inexpensive raw water resources indicates a decentralised water production.
Due to the existence of both economies and diseconomies of scale, different degrees of centralisation could be advantageous. In hilly or mountainous countries such as Italy or
Switzerland one expects water supply to be more decentralised than in others, since farreaching networks would require a high pumping effort and the topography indicates the existence of spring water resources. 8 On the other hand, the increasing use of surface water and the higher water contamination raise treatment requirements and therefore the economic need for a stronger centralisation. Such a consolidation and centralisation process was observed in countries such as Germany, Netherlands or England and Wales. In most European countries a further consolidation process is expected. Small utilities in local markets are often unable to meet growing demand or to keep raised quality standards, since the construction of new treatment facilities causes high fixed costs. 9 One possibility to raise economic efficiency in water markets is to merge neighbouring utilities and to connect their networks. Utilities facing poor raw water resources could overcome capacity lacks, while other suppliers could raise their treatment facilities' rate of capacity utilisation. Hence, the merger should implement a cost efficient production structure. Cost minimum would be arrived when all involved utilities face identical marginal costs. The potential efficiency gains could be substantial, since today -as mentioned above -water suppliers' marginal costs vary significantly.
Despite such potential efficiency gains caused by the merger of neighboured utilities, it seems not to be desirable to create bigger and therefore more powerful 8 In Italy the share of used spring water resources in the drinking water production amounts to 39 percent, in Switzerland 42 percent and in Germany 8 percent. The United Kingdom and the Netherlands use just ground and surface water, which require a higher level of treatment (see SVGW 1999, p. 9). 9 According to Dutch studies the utility's minimal production volume should vary between 10 and 20 million cubic metre drinking water per year in order to cover the extensive share of fixed costs (see Klein and Manser 1998, p. 448) . Less than one percent of Swiss utilities would meet this requirement.
monopolists, which may exert political pressure e.g. to ask for exaggerated subsidies.
Further, the existence of such big and powerful monopolies is often impossible due to institutional or political grounds. More importantly, the fact that there are many water networks is to be looked as an efficient answer to technological constraints, i.e. the diseconomies of scale mentioned above. Our model uses an analogous approach for the implementation of product market competition. In the model, every water utility owns an inherited, exogenously given network, whose width may differ. Based on the mentioned technical issues in the water sector 11 , competition between utilities takes place at a regional or local level so that only a few networks can be connected. The connection means that the -vertically integratedwater utilities can compete for customers in the same area using a single set of pipes. Since favourable raw water resources such as spring and groundwater are limited and the construction of new treatment facilities causes high sunk costs, the entrance of new market participants seems to be unlikely. For this reason the model's focus on already existing 10 In 1997 about 13 percent of produced drinking water in Switzerland was delivered to neighboured distribution systems (see SVGW 1999, p. 7). 11 The existence of diseconomies of scale, the necessity to co-ordinate the incumbents' water qualities and treatment activities, the use of decentralised raw water resources such as spring water or groundwater and quality losses caused by the transport distance significantly restrict networks' extension and the possibility to connect different distribution systems.
Direct Competition in the Water
water suppliers, which remain vertically integrated due to economies of scope, 12 seems to be realistic. In contrast to the telecommunication sector, where the former public utility owns the main share of the distribution system, the model implements a different structure where the suppliers all own a small network. To keep the analysis simple, we assume therefore that only two former monopolists (denoted by A and B) connect their corresponding networks (described as 1 and 2) and enter into direct competition. 13 Since drinking water mix in the connected networks, both firms supply a homogenous good. 14 In the capital-intensive water industry it is natural to assume that utilities choose their quantities or capacities rather than prices (with exception of access prices).
15
Using the competitor's network, each supplier is able to serve customers in the entire connected area. The corresponding grid owners charge an access fee. Incumbents could now defend their monopoly position by quoting extensive access prices. Importantly, we assume that a regulator cannot set the access price. Since the costs of using water pipe networks depend on various technical aspects (such as age or material of pipes, pumping requirements, water pressure etc.) access fees would have to be set in an individual manner.
Thus, heterogeneous cost structures and asymmetric information prevent the regulator from verifying real marginal costs and therefore from assessing adequate charges.
The two firms A and B face heterogeneous cost functions with variable treatment costs C j (•) , j ∈ {A, B}, with increasing marginal costs: C A ' > 0 and C A '' ≥ 0. In addition, they face investment costs (K j ), which do not depend on output but increase in investment.
16
In order to minimise treatment costs, utilities firstly use raw water resources of high quality such as spring water. To overcome the relevant capacity constraints firms use further resources with poorer quality and therefore higher treatment requirements such as groundwater or surface water. Due to this reasoning, marginal costs of drinking water production are obviously increasing in output. Total production quantity consists of sold 12 Vertical integration was also applied in the privatisation and liberalisation process of the water markets in England and Wales. 13 There is a huge literature concerning network competition with "two-way interconnection" in telecommunications, e.g. Laffont et al. (1998) or Armstrong (1998) . However, as Buehler (2000) notes, this literature deals mainly with the analysis of competition between symmetric firms or uses specific functional forms. Instead, our model works with general demand and cost functions and heterogeneous networks. Even more importantly, this literature has to deal with the problem that the two monopolists have to give access to each other such that consumer 1 reaches consumer 2 by telephone, this problem does not exist in the water market. Obviously, customers do not care who else is connected at the water-network. 14 The model abstracts from product differentiation such as service or image. 15 The assumption of price competition with differentiated products would not change the model's results fundamentally. 16 Higher investment reduces of course other fixed costs, e.g. network maintenance costs that are mainly driven by the repair work. However, the net effect of investment on output-independent cost is assumed to be positive.
water [ ] health authority sets a minimum quality standard, which can be verified by a laboratory.
Profit maximizing firms will exactly meet this obligation. 
Solving the Model

Second Stage
Linear access pricing
We first focus the case of pure linear access pricing, where F 1 = F 2 = 0. Firms simultaneously set quantities in their own and foreign market respectively network and the access prices. We assume that each competitor will supply a positive quantity in its homemarket but it may be unwilling to supply on the foreign market. The first order conditions of A's profit function (3) read therefore, where We want to determine how A will set its access price (for B the discussion would read analogously). We assume that each firm's payoff function and rationality (as reflected in the first order condition) is common knowledge. We focus on the case where ∂Π B /∂Q 1B = 0. Due to the non-existence of an access price regulation, each firm could easily defend its monopoly position in its origin market. If firm A charged a very high access fee a 1 , firm B 19 Obviously, the case ∂Π B /∂Q 1B < 0 is uninteresting, since then dQ 1B (a 1 )/da 1 = 0, i.e. B would not react with its quantity Q 1B if A changes its access price infinitesimally. 20 Total differentiation of (4'), (5'), and (6') yields, applying Cramer's rule: Note that the term in brackets has to be positive due to the 2 nd order conditions. H stands for the Hessian determinant, which is negative in the optimum. Interestingly, the quantity in its "home" market Q 2B reacts to an access price increase of A: Since B reduces its engagement in market 1, marginal production costs decrease, and this leads B to increase the quantity in its own network 2.
would not be interested to engage in market 1, since its marginal costs C' B + a 1 would then be too large to serve customers in network 1. For that reason B would confine its engagement to the own network 2 and firm A could exclusively serve customers in the market 1. If A and B charged each another extensive access prices, competition would not take place at all, and two independent monopolies would result, despite the connection of the networks. However, charging high access prices considerably restricts the two firms' opportunities to overcome capacity restraints or to generate additional earnings by charging access fees. Due to this trade-off, incumbents will set moderate access prices, which make interconnection and direct competition possible. To prove this statement we analyse A's behaviour regarding the setting of a 1 in an autarky case, where Q 1B = Q 2A = 0. 21 In that case equation (7) 
Proposition I: A vertically integrated water supplier opens its network to the competitor that produces with lower marginal costs.
21 In the autarky case, the access price a 1 is so high that B abandons its engagement in the market 1. Since ' '
An analogous result could be achieved, using access price regulation by the Efficient profit from their competitor's higher efficiency by leaving market shares to them.
Decreasing sales are more than compensated by both access charges that exceed original contribution margin and reduced marginal production costs. Based on the additional engagement in the market 1 (denoted by Q 1B ), firm B's marginal costs increase (or at least do not decrease). However, the high-cost-firm A reduces output Q 1A and therefore its marginal costs. Thus, marginal costs of both firms approach each other. In contrast to the actual situation, where utilities act de facto as monopolists in separated markets, drinking water production is now more efficient in the total of both markets. Highest efficiency would be achieved, if both firms faced identical marginal costs.
However, such scenario cannot arise, since the model's equilibrium requires a difference in the firms' marginal costs. Equation (7) It is straightforward to see that the introduction of such a duopoly competition raises the volume of sold water in the competitive market 1. Therefore, in equilibrium, price p 1 is lower as in the original monopoly situation.
Proposition III: The introduction of competition reduces retail price and raises sold water volume in the network of the high-cost incumbent.
A different effect arises in the market 2. As mentioned above, firm B may face increased marginal costs due to its additional engagement in the market 1. But higher marginal costs indicate a reduced monopoly output. Hence, retail price p 2 would rise and sold water volume Q 2B in the market 2 would fall. However, aggregate welfare increases with certainty due to higher efficiency of production, as stated in proposition II.
Non-linear access pricing
Again we consider the situation, where the less efficient monopolist A allows competitor B to serve customers connected to A's distribution system. In the above mentioned case of pure linear access pricing monopolist A tends to set a positive access fee a 1 above its own marginal network costs 23 . For this reason utility B's relevant marginal costs, which consist of marginal treatment costs and access price a 1 , are higher than total marginal production costs. Hence B will limit its engagement Q 1B in market 1 below the socially optimal amount, which would guarantee efficiency of production. As stated in proposition II highest possible efficiency can not be achieved. However, instead of charging a pure linear access price a 1 , monopolist A can implement a two part access tariff by combining a fixed fee F 1 with a variable price a 1 .
Reducing the variable tariff a 1 increases B's incentives to engage in market 1, whereas monopolist A decreases its own production amount Q 1A . Since we assumed that B faces lower marginal production costs than A, overall efficiency and therefore aggregate profit can be improved. However, according to equations (2) 
where equation (10) denotes gross profit minus access fees. We calculate the optimal access fees a 1 and F 1 charged by A. A maximises its profit analogous to equation (3) by choosing the own production amount Q 1A and the access fee, which consists of a 1 and F 1 , given the above mentioned participation constraint. We set up the relevant Lagrangian:
In this case the first-order conditions for the profit maximisation problem are 0 ' Equation (13) implies that λ = 1, so the last expression simplifies dramatically. We can rewrite equation (14) as follows: 24 Because the fixed fee F 1 is not existent in B's first order conditions. Since A's marginal network costs are assumed to be zero, he will reduce the variable access price a 1 to an amount which is as well equal to zero. The more efficient utility B gets incentives to increase its engagement in the foreign market 1, whereas A reduces own sellings. However, monopolist A maximise own profit by setting the fixed access fee In case of charging non-linear access tariffs highest possible production efficiency will be achieved. This efficiency corresponds to the case, where only one monopolist serves both markets. Of course, this is rarely possible since there are institutional restrictions which forbid that. Big monopolies may also lead to higher x-inefficiency and to more severe informational problems of the public, which enhances, for example, rent seeking activities of the merged monopoly.
First Stage
In the first period the firms take their investment decisions. The central question to answer is how the introduction of competition changes the investment incentives, in comparison to the case with two autonomous monopolists. Taking into account the optimal decisions of the second stage, we can solve the model by backward induction.
Investment incentives and linear access pricing
We firstly discuss the case of pure linear access prising. Using the Envelope theorem, the derivative of the profit function (3) with respect to investment I A reads ( )
The derivative's sign and hence the investment decision is influenced by three effects. In equilibrium, the first effect only arises within the high-cost firm whereas the second effect is only relevant in the low-cost firm. The third effect can be observed in both firms.
The first effect is negative. Higher investment decreases water losses, thus for given amounts of sold water, the marginal costs of A are reduced. This induces A to produce more, and this pushes B out of A's market. 25 On the one hand revenues of , is negative. Monopolist B knows that A will stay in the foreign market even with a slightly higher access charge because marginal costs of A have fallen. This induces B to get its part from the increased efficiency of A and to increase the access price. 25 We assume reaction curves to be falling.
Obviously, this has a negative influence on A's profits. Which partial effect dominates in total cannot be determined generally.
The third effect is the direct effect and appears in the case with separated networks too. It relates marginal cost of investment
to their marginal revenues, the lower cost of production ' ) ) (
. Since marginal cost of production is increasing, the firm, which increases production due to liberalisation, will face higher investment incentives because with higher marginal production costs marginal revenues of investment are higher. The opposite holds for the firm that lowers production. Recall that in equilibrium, the low-cost firm will increase production whereas the output of the high-cost firm decreases. Liberalisation now decreases unambiguously their investment incentives through the first and the third effect. For the low-cost firm investment incentives increase due to the third effect, whereas the second effect is ambiguous. We conclude that the introduction of competition has an asymmetric impact on investment incentives in the sense that efficient firms want to invest even more compared to high-cost firms.
Investment incentives and non-linear access pricing
We turn now to the case of non-linear access pricing. Taking the derivatives of A's profit function 26 with respect to I A and using again the Envelope Theorem, we get is negative. B will increase the access fee when A increases its investment. The third effect is the positive direct effect of a cost reduction. We conclude that the same effects occur in both access price schemes.
Summary and Conclusions
The non-existence of a national water grid restricts geographical extension of product market competition in the water sector to a regional or even local level. Since only few water suppliers are expected to participate in such a local competitive market, the existence of perfect competition in the market seems not to be very realistic. Nevertheless, we showed that significant efficiency and welfare gains can be achieved. The connection of neighbouring networks and the implementation of direct competition allows some suppliers to overcome their capacity constraints while others are able to raise their treatment facilities' rate of capacity utilisation. To maximise profits, utilities facing high marginal costs voluntarily open their networks to competitors and reduce own production volume, suppliers facing small marginal costs expand their production. In contrast to the former situation, where utilities act de facto as monopolists, direct competition arises and the relevant retail price in the competitive market goes down. If non-linear access tariffs are allowed, we get the even stronger result that, by introducing competition in the market, highest production efficiency is achieved.
It is important to note, that the improvement of production efficiency is achieved by the implementation of competition and not by collaboration between neighbouring utilities.
The model therefore does not assume an efficient negotiation process between the market players. Competition itself leads to production efficiency in the market.
One may object that the water suppliers still have some degree of market power, despite the implementation of competition in the market. However, we show that the high cost firm gives up its monopoly position and prices decrease, although there is no (price) regulation. In order to address this issue further, competition in the market could be combined with additional elements of competition or with regulation -for example yardstick competition, price caps or rate of return regulation.
The model shows further that there are only weak reasons for reduced investment incentives caused by the introduction of competition. The effects are in both access pricing systems similar: on the one hand the less efficient firm reduces network investments, on the other hand the more efficient one tends to increase investments. However, it should be noted that the model assumes a worst case, where regulation does not exist at all. Both degree of competition and investment volume are expected to improve by effective regulation.
The simple structure of the model and the non-existence of any regulation suggest an easier implementation of such a direct competition than other approaches. In practice just a few structural and legal changes and of course the physical connection of neighbouring networks would be needed. Both utilities and consumers could profit from fast efficiency gains. However, today water utilities costs are dominated by fixed capital costs, above all by network investment costs. Potential efficiency gains in water treatment caused by the introduction of direct competition would be minor. But in the long-term increasing demand, capacity constraints and higher contamination of raw water resources are expected to raise treatment requirements and therefore variable costs significantly. In this sense our model helps discussing future problems in the water industry.
